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Identification and adaptation of rice genotypes with high nitrogen use efficiency (NUE) is a potential approach in optimizing N 
requirements, lowering the cost of cultivation and reducing the environmental pollution through the reduction of nitrous oxide 
emission in rice. Three rice genotypes differing in their NUE were grown in hydroponics and field conditions and characterized for 
physiological, yield parameters and NUE indicators along with expression analysis under low and recommended nitrogen conditions. 
Significant variations were observed in 18 physiological, yield parameters and 8 NUE indicators among genotypes confirming the 
genotypic variability for the traits under low nitrogen conditions. Reduction of yield related parameters except thousand grain 
weight were noted. Correlation analysis of various yield components explains the significance of total biomass for grain yield, 
straw yield, N content in grain, straw and nitrogen absorption efficiency. Differential expression of OsNIA2 gene in NUE efficient 
genotypes viz., in shoots of GQ25 and roots of IR55178 in the present study suggests its possible role in N metabolism and is 
encouraging for exploring the possibilities of improving nitrogen use efficiency in rice. 
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Introduction 

Rice is the major staple central crop feeding billions 
of people around the world. India has ~44 million ha area 
under rice and is the second largest producer (-105 million 
tonnes during 2013-14) after China. Rice is not only the 
staple food of two thirds of Indians but also play a key 
role in the national food and livelihood security. With the 
continuous increase in population, rice productivity needs 
to be enhanced from the present 2.05 t ha -1 to 3.3 - 4.05t 
ha 1 in the next 40 years to keep pace with the growing 
demand for rice and constraints for rice cultivation 
( www.drricar.org (DRR Vision 2050). For complete 


realization of the higher yield potential and enhanced 
fertilizer nitrogen (N) application is compulsory (Roberts, 
2009) as it is the most important nutrient input for the 
overall growth and development of plants. Globally about 
50 per cent of human population relies on nitrogen fertilizer 
for food production (Smil, 2001). Urea is the major nitrogen 
fertilizer and it contributes about 80 per cent to the total 
fertilizer consumption in India. Globally, it contributes to 
about 55 per cent of total fertilizer nitrogen consumption. 
It is estimated that by 2050 about 250 million tonnes of 
fertilizer N may be needed (Tilman et u/,,201 1). Efficiency 
of fertilizer nitrogen is quite low, more than 60 per cent 
of fertilizer N lost to environment through leaching, 
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ammonia volatization, denitrification and surface runoff 
(Prasad, 2013). Thus, the excess nitrogen consumption 
increases environmental pollution and also the cost of 
rice cultivation. With the priority of the low input 
sustainable and environment friendly agriculture, 
developing rice genotypes with high NUE becomes one 
of the major objectives of rice breeding programs in 
current agricultural scenario. High NUE cultivars can 
be defined by their ability to produce higher grain yields 
under low N inputs (Ladha et al, 1998). The efforts for 
maximum possible yield with optimum inputs of N 
compensating the compromised yield with economic and 
environmental benefits are in progress (Srikanth et al., 
2015). NUE is likely to be regulated by many different 
genes with the ability of a plant to remobilize leaf stored 
N at the grain filling is an important factor for NUE in 
crops and has been strongly implicated in quantitative 
trait locus (QTL) studies with cereals (Mickelson et 
al., 2003). Through gene identification and positional 
cloning strategies, several genes of N metabolism in 
rice were characterized and differential expression 
of several candidate genes directly involved in N 
metabolism and transcription factors in relation to NUE 
has been reported in rice under differential N situations 
(Duan et al., 2007; Fan et al., 2007; Hakeem et al., 
2012; Kumar et al., 2003; Li et al., 2006; Qiu et al., 
2009; Zhao et al., 2012 and Zhao and Shi, 2006). Of 
these Nitrate reductase ( OsNIA2 ) is one of the key 
gene for NUE and involves in the first step of nitrate 
assimilatory pathway, which is a rate-limiting step that 
regulates the inflow of inorganic nitrogen (NO 3 ) to 
organic form in plants. The nitrate taken up by plants 
is assimilated with the help of enzymes nitrate 
reductase and nitrite reductase. The end product, 
NH +4 , is incorporated into amino acids via the 
glutamine synthetase/glutamate synthase (GS / 
GOGAT) pathway (Naik et al., 1982 and Abrol et 
al., 1988). Under NICRA (National Innovations on 
Climate Resilient Agriculture) projects, genotypes with 
differential NUE were identified after screening of 
hundreds of genotypes under low N condition (http:/ 
/www. drricar.org: 8000/) . And the present 
experiment was aimed to study the physiological and 
yield related parameters along with NUE indicators 
in three genotypes and also to observe the expression 
patterns of OsNIA2 gene in shoot and root samples 
of these genotypes with differential physiological 
variability of N efficient and N inefficient genotypes. 


Research Methodology 

Plant material and growth conditions : 

Genotypes in this study comprised of one upland 
variety Somaly 2-023-3-5- 1-2- land two restorer lines, 
viz., GQ-25 and IR 55178. Rice seeds were surface 
sterilized in 0.1 per cent HgCl, solution for 3- 4 min 
followed by three to four washes with distilled water and 
germinated in Petridishes with moist blotting paper at 28°C 
for 3 days in dark. After germination sprouted seeds were 
shifted to normal light conditions for 5 days. The eight 
days old seedlings were shifted to plastic cups containing 
Yoshida solution (Yoshida et al., 1976) in two treatments 
viz., with and without N source (NH 4 N0 3 ) and the 
medium was refreshed for every two days. For the 
genotypes in both the treatments three biological 
replications were maintained. The genotypes grown in 
hydroponics were also cultivated in field conditions under 
low and recommended nitrogen application during wet 
season, (Khar if) 20 1 3 at the experimental fields of IC AR- 
Indian Institute of Rice Research, Hyderabad, India for 
phenotypic study. 

Sampling and measurements : 

The experiment was performed in Split Plot Design, 
with and without N application as main plots and genotypes 
as subplots in three replications. Urea (46.5%) was used 
as nitrogen fertilizer @ 100 kg ha 1 in three equal split 
applications to the recommended N condition (at basal, 
maximum tillering and panicle initiation stages). 
Phosphorus, potassium and zinc(@40, 40 and 25 kg ha 1 , 
respectively), were applied to both plots. The plot size 
was 15 m 2 . To avoid nutrients flow between the plots, 
the two main plots were divided with polyethylene film 
by 60 cm underground. Rice seedlings grown in 
hydroponics were transplanted in the two plots with a 
spacing of 20 x 15 cm. From each plot, six representative 
hills were harvested at maturity and were divided into 
vegetative and reproductive parts, dried and weighed for 
determining dry matter of various plant parts. Grain and 
straw yield was expressed in t ha 1 and adjusted to 14 per 
cent grain moisture content. Straw and grain samples 
were analyzed for nitrogen with Kjeldahl method. Plant 
height, number of tillers, panicle bearing tillers, number 
of panicles per hill, filled and unfilled grain weight, grain 
yield (t ha 1 ), thousand grain weight (g), straw yield 
(t ha 1 ), N per cent in grains, N per cent in straw and 
total N per cent in plant and also harvest index were 
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recorded. NUE indicators viz., agronomic efficiency 
(AE). physiological efficiency (PE), agro physiological 
efficiency (APE), apparent recovery efficiency (ARE), 
utilization efficiency (UE), grain yield efficiency index 
(GYEI), N grain production efficiency (NGPE) and N 
absorption efficiency (NAE) were calculated using grain 
yield and total N uptake as earlier reported by Fageria 
and Baligar (2003). 

Statistical analysis of data : 

The numerical data were subjected to statistical 
analysis using Excel 2007. Correlations among all the 
parameters of three genotypes were calculated. The 
physiological data were analyzed as factorial design and 
two way analysis of variance (ANOVA) was performed 
using an open source software R (Team, 2012) 
with agricolae package (Felipe de Mendiburu, 2012). 

RNA isolation, c-DNA synthesis and qRT-PCR 
analysis : 

Hydroponic ally grown three genotypes shoot and 
root samples were collected from low and recommended 
N condition and immediately frozen in liquid nitrogen for 
RNA isolation. Total RNA was isolated using TRizol 
reagent (Invitrogen, USA) and the RNA was quantified 
using Nanodrop® ND 1000 spectrophotometer (Thermo 
Scientific, USA). To remove DNA, RNA samples were 
treated with RNAse free DNAse (Invitrogen, USA). 
Approximately 1 pg of total RNA from each sample was 
used as template for the first-strand cDNA synthesis, 
using Superscript III reverse transcriptase (Invitrogen, 
USA). Gene-specific primers (forward primer: GGAG 
GACGGGTGGGAGTA, reverse primer: TTCAGAAG 
ACGAGGCAGGAC) for OsNIA2 gene were selected from 
the previous report of Fan et cd. (2007). qRT-PCR was 
performed using Applied Biosystems 7500 Real Time 
PCR (Life Technologies, USA), in a final volume of 20pl, 
containing 10pl of Platinum® SYBR® Green qPCR Super 
Mix (Invitrogen, USA) with 500 nM each of forward 
and reverse primers and 20 ng of cDNA samples. The 
real time PCR cycling conditions included a pre-incubation 
at 50°C for 2 min and denaturation at 95°C for 10 min 
followed by 40 cycles of denaturation at 95 °C for 15 s 
and annealing and extension at 60°C for 1 min. qRT- 
PCR was performed in three biological replicates. 
Samples were run in duplicates on the same plate along 
with controls set up for each sample in duplicate using 


18s RNA gene (forward primer: CTACGTCCCTGCC 
CTTTGTAC, reverse primer: ACACTTCACCGG 
ACCATTCAA) was used to normalize gene expressions. 
The data were analyzed using the 7500 Sequence 
Detection Software (Applied Biosystems, USA). The fold 
change expression of gene was calculated using the T 
actact me thod, which represents the difference of CT 
between the control products and the target gene 
products. Recommended N condition was taken as control 
and low N was considered as treated. 

Research Findings and Analysis 

Significant variation was observed for 18 
physiological and yield related parameters along with eight 
NUE indicators in three genotypes identified for their 
differential NUE studied under low and recommended 
N condition with a familiar trend of decrease of all the 
physiological and yield related parameters under low N 
condition (Table 1), as it is known that N plays key role 
in total biomass and there by yield (Hirel et al., 2007). 
Analysis of variance (ANOVA) of the data in the present 
study showed significant differences among the 
genotypes for 17 parameters (Table 1) but for unfilled 
grain weight. The interaction between treatment and 
entry has shown significant variation for 17 parameters 
indicating that genotypes differing in response to N 
condition. Several earlier reports also showed significant 
variation among genotypes in terms of physiological and 
yield parameters under low N condition suggesting the 
existence of genotypic variability. (Gueye and Becker 
2011; Kanfany et al., 2014 and Mahajan et al., 2012). 
Significant variation among genotypes was observed in 
NUE indicators such as, agronomic efficiency (AE), 
physiological efficiency, agro physiological efficiency, 
apparent recovery efficiency per cent, utilization 
efficiency, internal NUE, absorption NUE, grain yield 
efficiency index, N grain production efficiency and N 
absorption efficiency (NAE) indicating the role of grain 
yield in NUE indicators. 

In the present study plant height was reduced by 2 1 
per cent under low N conditions (Table 1) as reported in 
the earlier studies (Gueye and Becker, 2011; Kanfany et 
al, 2014; Mahajan et al., 2012; Ntanos and Koutroubas, 
2002 and Zhao et al., 2012). Number of tillers per hill 
(Table 1) reduced by 24.4 per cent under low N condition. 
Similar results of decrease in tiller number were observed 
in earlier reports (Gueye and Becker, 2011; Singh et al., 
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1998 and Srikanth et al., 2015). Nitrogen application is 
associated with promotion of tillering in rice with the 
significant different number of tillers between basal and 
additional N fertilization as well as the top dressing (Lee 
et al., 2010 and Wells and Faw, 1978). Panicle bearing 
tillers per hill were reduced by 36.87 per cent, number of 


panicles per hill were reduced by 35.63 per cent and 
panicles weight per hill reduced by 47.72 per cent (Table 
1) under low N condition in comparison with 
recommended N were noted in the present study. Thus, 
the panicle number is apparently correlated with tiller 
number, however, the increase in number of tillers do not 


Table 1: Analysis of variance (ANOVA) of yield components, nitrogen content and NUE indicators along with expression of OsNIA2 gene in 
three genotypes under low and recommended nitrogen conditions 


Range 

Mean 





Low N 

Rec N 

Low N 

Rec N 

Treatment (T) 

Entry (E) 

TxE 

cv% 

Plant height (cm) 

65.33- 119.66 

95.66- 157.33 

96.66 

121.66 

** 

** 

** 

5.55 

Number of tillers 

3.33- 11.33 

5.66-21 

8.22 

10.88 

* 

** 

** 

19.07 

Panicle bearing tillers (no) 

3.33- 8.33 

5.33-21 

6.66 

10.55 

** 

** 

** 

17.44 

Panicle number/ hill 

3.66- 6.33 

6- 11.66 

5.22 

8.11 

** 

** 

** 

15 

Panicle weight/ hill (g) 

4.68- 20.25 

8.10- 28.40 

10.47 

20.03 

** 

** 

** 

7.07 

Filled grain weight/ hill (g) 

3.74- 15.90 

7.61-23.77 

8.44 

17.33 

** 

** 

** 

2.11 

Unfilled grain weight/ hill (g) 

0.71- 1.66 

0.48- 2.48 

1.24 

1.31 

NS 

NS 

NS 

24.06 

Straw weight/ hill (g) 

6.98- 19.51 

6.81-40.89 

12.73 

19.95 

** 

** 

** 

3.21 

Total grain weight/ hill (g) 

4.46- 17.56 

8.07- 26.25 

9.68 

18.64 

** 

** 

** 

7.36 

Thousand grain weight 

13.18- 29.52 

15.65-25.55 

18.83 

19.03 

** 

** 

** 

1.32 

Grain yield (t ha' 1 ) 

2.23- 8.78 

4.04- 13.12 

4.84 

9.32 

** 

** 

** 

7.36 

Straw yield (t ha" 1 ) 

3.50- 9.75 

3.41-20.44 

6.36 

9.97 

** 

** 

** 

3.21 

N% in grain 

0.99- 1.15 

1.07-1.39 

1.06 

1.27 

** 

** 

** 

2.42 

N% in straw 

0.32- 0.37 

0.38- 0.46 

0.34 

0.43 

** 

** 

* 

3.24 

N% in plant 

1.31- 1.49 

1.45- 1.85 

1.41 

1.7 

** 

** 

** 

2.12 

Spikelet fertility % 

59.69- 87.42 

63.59- 88.94 

71.27 

72.49 

** 

** 

** 

0.93 

Total biomass (t ha' 1 ) 

7- 18.53 

10.11-31.24 

11.21 

19.3 

** 

** 

** 

4.22 

Harvest index 

24.42- 44.71 

33.39- 73.75 

37.52 

47.48 

** 

** 

** 

5.76 

NGPE (kg/kg) 

54.2- 70.16 

47.77- 67.35 

63.16 

56.95 

** 

** 

** 

3.92 

NAE% 

20.48- 67.43 

40.77- 92.88 

37.63 

75.11 

** 

NS 

** 

7.13 

AE (kg kg" 1 ) 


41.16- 47.75 


44.78 


** 


11.89 

PE (kg kg" 1 ) 


121- 123.40 


122.28 


** 


5.59 

APE (kg kg" 1 ) 


67.05- 80.68 


72.93 


** 


11.57 

ARE (%) 


80.37- 84.54 


82.46 


** 


13.02 

UE (kg kg" 1 ) 


94.04- 107.82 


102.65 


** 


10.66 

GYEI 


0.71-0.82 


0.78 


* 


19.95 

OsNLA2 shoot 

0.37- 0.52 


0.47 



** 


11.28 

OsNIA2 root 

1.41-2.37 


1.74 



* 


15.66 


Data indicate mean of 3 genotypes. * and ** indicate significance of values at P=0.05 and 0.01, respectively; NS= Non-significant by ANOVA. NGPE 
denotes for N grain production efficiency, NAE denotes for Nitrogen absorption efficiency, AE denotes for Agronomic efficiency, PE denotes for 
Physiological efficiency, APE denotes for Agro physiological efficiency, ARE denotes for Apparent recovery efficiency, UE denotes for Utilization 
efficiency, GYEI denotes for Grain yield efficiency index. For real time expression recommended N condition taken as control and low N was considered 
as treated 
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always result in the increase in panicle number. Similar 
results of significant increase in panicle bearing tillers, 
panicle number and panicle weight in increase in N 
application were reported (Artacho et al., 2009; Geoffrey 
et al, 2012; Metwally et al., 2010; Sui et al, 2013; 
Srikanth et al., 2015 and Zhang et al, 2013). 

Total grain weight per hill was reduced by 48 per 
cent, filled grain weight per hill reduced by 5 1 .3 per cent 
and unfilled grain weight per hill reduced by 5.34 per 
cent (Table 1) under low N condition in comparison with 
recommended N condition was observed in the present 
study. Similar results of decrease in total grain weight, 
filled and unfilled grain weight were reported in studies 
(Koutroubas and Ntanos, 2003 and Zhang et al., 2013). 
Spikelet fertility per cent was reduced by 1.7 per cent 
under low N condition in comparison with recommended 
N application, as earlier studies of Singh et al. (1998) 
also observed the reduction in spikelet fertility per cent. 
Thousand grain weight was reduced by about 1 per cent 
under low N conditions was observed in the present study, 
grain weight being a stable varietal character with spikelet 
size controlled by hull size (Gueye and Becker, 2011; 
Hasegawa, 2003; Singh et al., 1998; Yoshinaga et al., 
2013 and Zhang et al, 2013). 

Grain yield was reduced by 48 per cent under low 
N condition in the present study (Table 1). Grain yield 
reported to be associated with number of productive tillers, 
panicles and spikelets, thus, the reduction in number of 
productive tillers, panicles and spikelets under low N 
condition could have reduced the yield drastically (Artacho 
et al., 2009; Kanfany et al., 2014; Mae et al, 2006; Sui 
et al, 2013 and Tirol-Padre et al, 1996). About 36 per 
cent reduction in straw yield was observed in the present 
study. It is reported that N application could contribute to 
grain yield more by enhancing the total dry matter, thus, 
under low nitrogen condition reduction in dry matter 
accumulation and subsequent decrease in grain yield. (De 
Datta et al. , 1990; Gueye and Becker, 2011 and Singh et 
al, 1998). 

In the present study about 16.53 per cent reduction 
of N per cent in grains, 20.93 per cent reduction of N per 
cent in straw and overall 17.05 per cent reduction of 
total N per cent (Table 1) in plant was observed under 
low N condition in comparison with recommended N 
condition. There were reports that N content in grain, 
straw and their association to biomass and yield were 
highly variable across the locations, genotypes, stage of 
N application and sampling (Artacho et al, 2009; De 


Datta et al, 1990; Gueye and Becker, 2011; Singh et al. , 
1998; Yoshinaga et al, 2013 and Zhang et al, 2009). 
About 42 per cent reduction in the mean total biomass 
and 2 1 per cent reduction in harvest index (Table 1 ) were 
noted in three genotypes grown under low N condition in 
comparison with recommended N condition. Earlier 
reports also showed decrease in biomass and harvest 
index under low N condition (Artacho et al, 2009; De 
Datta et al, 1990; Inthapanya et al., 2000; Mae et al, 
2006 and Singh et al., 1998). 

In the present study (Table 1) agronomic efficiency 
(difference of grain yield between recommended and low 
N/ N applied) of genotypes ranged from 41.16 to 47.75 
kg kg 1 with a mean of 44.8 kg kg' 1 not within the reported 
range of agronomic efficiency as 15 to 25 kg grain 
produced per kg N applied in low land rice in tropics 
(Yoshida et al, 1981) and 20 kg grain per kg N in long 
duration varieties as explained by Singh et al. (1998). 
Physiological efficiency (difference of biological yield 
between recommended and low N/ difference of N 
content between recommended and low N) of genotypes 
ranged froml21 to 123.40 kg kg' 1 (mean 122.28 kg kg 1 ) 
and the values of physiological efficiency are similar as 
reported by Fageria and Baliger (2003). Agro physiological 
efficiency (difference of grain yield between 
recommended and low N/ difference of N content 
between recommended and low N) of genotypes was 
slightly higher (72.93 kg kg 1 ) than the earlier report of 
Singh et al. (1998), observed 64 kg grain per kg of N 
uptake. Apparent recovery efficiency per cent (difference 
between total N content of recommended and low N/ N 
applied x 100) also showed higher (82.46%) than the 
reported mean ARE of 39 per cent (Fageria and Baliger 
(2003) and mean ARE of 43 per cent in medium duration 
varieties (Singh etal, 1998). Surprisingly mean utilization 
efficiency of genotypes was high and 102.65 kg of yield 
per kg N applied. Our results substantiated the earlier 
report under Brazilian conditions are in the range of 36 
to 83 and average across the N rates was 58 kg kg" 1 
reported by Fageria and Baliger (2003). These differences 
in efficiencies might be due to the genotypic variation in 
the cultivars. Mean N grain production efficiency was 
increased by 9.8 per cent under low N condition (63. 16) 
in comparison with recommended N condition (56.95). 
This was slightly higher than earlier report, 54.3 in 
HPNUE genotypes reported by Singh et al (1998). There 
is reduction in N absorption efficiency about 50 per cent 
was noted in the low N in comparison with recommended 
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N condition. It was reported that NAE in various rice 
genotypes first increased, peaked under a medium 
nitrogen rate and then decreased, in a pot experiment 
(Feng et al, 2011). Grain yield is the best measure of 
genotype evaluation in screening. Screening results can 
be interpreted using grain yield efficiency index (GYEI= 
(yield at low nutrient level) x (yield at high nutrient level)/ 
(experimental mean at low nutrient level) x (experimental 
mean at high nutrient level) as explained by Fageria et 
al. (1988). In the present study mean GYEI of genotypes 
recorded is 0.78. Metwally et al. (2010) explained in the 
earlier report that there was a wide variation in GYEI 
among genotypes under low and high nitrogen condition. 

Expression analysis of OsNIA2 gene under low N 
situations : 

Using qRT-PCR the expression levels of OsNIA2 
gene in shoot and root samples of three genotypes (Fig. 
1 and 2) were studied under low N conditions here 
recommended N condition was taken as control. 
Expression of OsNIA2 gene was down regulated by 84.72 
per cent in shoot samples, 18.47 per cent in root samples 
of Somaly 2-023-3-5-1-2-1, 86 percent decrease in shoot 
samples of IR55178, 64.48 per cent decrease in root 
samples of GQ-25 under low N condition in comparison 
with recommended N condition was noted (Fig. 1 and 
2). Decreased expression of OsNIA2 gene in shoot 
samples after N starvation was observed in nitrogen 
sensitive cultivar but not changed in N use efficient 



Somaly 2-023-3-5-1-2-1 GQ-25 IR55178 


(a) 



Somaly 2-023-3-5-1-2-1 GQ-25 IR55178 


(b) 

Here recommended N condition was used as control and low N as treated 

Fig. 1: (a and b): Differential expression of OsNIA2 in 

shoot (a) and root (2) samples of Somaly 2-023-3-5- 
1-2-1, GQ-25 and IR55178 under low N condition 
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Here recommended N condition was used as control and low N as treated 


Fig. 2 : Differential expression of OsNIA2 gene in shoot 

and root samples of Somaly 2-023-3-5-1-2-1, GQ-25 
and IR55178 under low N condition. 


cultivar (Fan et al, 2007). Expression of OsNIA2 gene 
was up regulated by 75.30 per cent in shoot samples of 
IR55 178, 11.13 per cent in shoot samples of GQ-25 under 
low N condition (Fig. la and b) in comparison with 
recommended N condition was noted. Enhanced 
expression of OsAMTl;l and OsNRT2;l under low N 
condition have also been demonstrated in rice seedlings 
hydroponics (Shi et al., 2010). Differential expression of 
nitrate reductase and glutamine synthetase between low 
and high nitrogen use efficient cultivars indicated the 
enzymes to be involved in efficient uptake and utilization 
(Hakeem et al., 2012). Enhanced expression of 
OsSPL14 gene in leaf and three panicle stages reported 
to be associated with yield components were observed 
under low nitrogen condition was reported by Srikanth et 
al. (2015). These differences in expression of OsNIA2 
gene reflect the distinction between the cultivars and 
found to be associated with differential expression. 
Though the enhanced expression of OsNIA2 in shoots 
of GQ-25 and roots of IR 55178 were observed, the 
samples were collected at single time point. Studies on 
temporal expression of the gene across tissues might 
converge and clarify the role of OsNIA2 in NUE efficient 
genotype. 

Correlation studies : 

Under low nitrogen conditions (Table 2) number of 
tillers per hill significantly (P<0.05) correlated with panicle 
bearing tillers per hill. Total grain weight per hill have 
shown significant correlation with (P<0.05) thousand 
grain weight, (P<0.01) total filled grain weight per hill, 
total N content in plant, N absorption efficiency, (P<0.00 1 ) 
N content in grain and grain yield. Total panicles weight 
per hill have shown significant correlation with (P<0.05) 
total grain weight per hill, thousand grain weight, grain 
yield, (P<0.0 1 ) total filled grain weight per hill, N content 
in grain, total N content in plant and N absorption 
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efficiency. Filled grain weight per hill significantly 
correlated with (P<0.05) thousand grain weight and 
(P<0.01) grain yield. Thousand grain weight have shown 
significant correlation with (P<0.01) grain yield. Straw 
yield have shown correlation with (P<0.05) N content in 
straw. Earlier report of Zhao et al. (2012) suggests that 
there was a significant correlation between grain yield 
and straw weight under non-basal N fertilizer application. 
Total biomass (Table 2) have shown significant correlation 
with (P<0.05) total grain weight per hill, total panicles 
weight per hill, filled grain weight per hill, N content 
in grain, grain yield, straw yield, total N content in 
plant, N content in straw and N absorption efficiency. 
Ntanos and Koutroubas (2002) reported that in rice 
grain yield was significantly correlated with dry matter 
translocation efficiency and nitrogen translocation 
efficiency suggesting the role of the sink capacity. N 
content in grain (Table 2) correlated with (P<0.05) 
thousand grain weight, (P<0.01) total filled grain 
weight per hill, total N content in plant and (P<0.001) 
grain yield. Total N content in plant have shown 
significant correlation with (P<0.05) thousand grain 
weight, (P<0.01) total filled grain weight per hill and 
grain yield. Nitrogen absorption efficiency (Table 2) 
was significantly correlated with (P<0.05) thousand 
grain weight, (P<0.01) total filled grain weight per hill, 
N content in grain, grain yield and (P<0.001) Total N 
content in plant. Nitrogen is significantly correlated with 
grain yield, panicle mass, panicle density, grain mass and 
N translocation ratio (Samonte et al., 2006). Thus, the 


correlations of yield and NUE parameters appear to be 
variable as in relation to the earlier studies of correlations 
of yield parameters suggesting that correlations change 
considerably with nitrogen treatment and varieties 
(Srikanth et al., 2015; Sui et al., 2013 and Zhang et al., 
2013). 

Conclusion : 

The three rice genotypes identified for differential 
NUE, chosen for this study and characterized for 18 
physiological, yield related parameters along with eight 
NUE indicators and expression of OsNIA2 in shoot and 
root samples under low and recommended nitrogen 
conditions. Significant variations were observed in 
physiological and yield parameters under low N conditions 
among genotypes confirming the existence of genotypic 
variation for the traits. There is a reduction in almost 
all the yield related parameters (Table 1) except 
thousand grain weight. Correlation analysis (Table 2) 
of various yield parameters showed the significance 
of total biomass for grain yield, straw yield, N per 
cent in grain, straw and nitrogen absorption efficiency. 
Though NUE is a complex trait and cannot be explained 
by a single gene, however, differential expression (Fig. 
1 and 2) of OsNIA2 gene in three genotypes viz., 
Somaly 2-023-3-5-1-2-1, GQ-25 and IR 55178 under 
low nitrogen condition in the present study suggests 
its possible role in N metabolism and the study as well 
encouraging for exploring the possibilities of improving 
nitrogen use efficiency in rice. 


Table 2: Correlation of yield components, nitrogen content and NUE indicators in low N conditions 



Panicle 

bearing 

tillers 

Grain 
weight/ 
hill (g) 

Panicle 
weight/ 
hill (g) 

Thousand 
grain 
weight (g) 

Filled grain 
weight/ hill 
(g) 

Grain 
yield 
(t ha 4 ) 

Straw 
yield 
(t ha 4 ) 

N% in 
Grain 

N% in 
Straw 

N% in 
plant 

NAE% 

Number of tillers/ hill 

0.961* 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Grain weight/ hill (g) 

NS 

NS 

NS 

0.977* 

0.994** 

j*** 

NS 

0.999*** 

NS 

0.994** 

0.994** 

Panicle weight/ hill (g) 

NS 

0.986* 

NS 

0.962* 

0.996** 

0.986* 

NS 

0.992** 

NS 

0.994** 

0.994** 

Filled grain weight/ hill (g) 

NS 

NS 

NS 

0.972* 

NS 

0.994** 

NS 

NS 

NS 

NS 

NS 

Thousand grain weight (g) 

NS 

NS 

NS 

NS 

NS 

0.976* 

NS 

NS 

NS 

NS 

NS 

Straw yield (t ha 4 ) 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

0.985* 

NS 

NS 

Total biomass (t ha 1 ) 

NS 

0.962* 

0.977* 

NS 

0.970* 

0.962* 

0.954* 

0.965* 

0.976* 

0.985* 

0.985* 

N% in grain 

NS 

NS 

NS 

0.977* 

0.995** 

O. 999 *** 

NS 

NS 

NS 

0.995** 

NS 

N% in plant 

NS 

NS 

NS 

0.956* 

0.995** 

0.994** 

NS 

0.951* 

NS 

NS 

NS 

NAE% 

NS 

NS 

NS 

0.956* 

0.995** 

0.994** 

NS 

0.995** 

NS 

J*** 

NS 


Only significant correlations were shown. *, ** and *** indicate significance of values at P=0.05, 0.01 and 0.1, respectively; NAE denotes for Nitrogen 
absorption efficiency; NS= Non-significant 
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